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(54) MOSFET AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PURPOSE: To provide a power transistor using a 
trench technique for application requiring a 
number of independent elements integrated on a 
single semiconductor die. 

CONSTITUTION: A power transistor cell 51, a 
source 20, a drain 16, and a trench 27 for 
providing an improved RDSon performance are 
formed on a substrate without sacrificing a yield 
performance. A gate 26 is formed on the surface 
of a space 15 between the source 20 and the 
trench 27. A drift region 14 is formed around the 
trench 27. A drift region 14 formed around the 
trench 27 improves the characteristics of an 
RESCUE transistor 50 without scarifying a die 
region. 
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(54) [%W<D&ffl MOSFETR«-e©fiig^j* 



(57) [gen] 

DSonttMfftt5i^(-7y^^-ir;U5 1„ V 
-^20, K U"C >1 6, SO 5 h l/V^- 2 7 z)S£f,g 1 2 
f-ffM^HSo ^V- * 2 0 ig£ h U^2 7 k<Dffl(D 
Qffll 5±©*ffi{cy- h 2 6 7i5^Stv5„ Ki)7h 
ffii&l 4j6S^ huyf 2 7CD|Hli9l^fM$tt-5o HH' 
^2 7<D\B\QiZ.Bf&£tl1Z K!) 7 hfiHgl 4rt\ ^-fi 
*SEtr«tt(c-t-^wi:/«c< RE SURF h7>"^^5 0 
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t. 

mm b v ^ & & V mtt k y ? b mm t * m-r § r t * 

[Ht3K«2] ^««£if;k^5::<tft< h^v^ 

HI^-fplDMOS h^y^^ORDS o nttt^^^S.-r 

mJlSgffiC: b ^^5rMt, 

Sutas«^ k w isWb&mtfL Lire k y 7 

U 

[0001] 

[0 0 0 2] 

i^ffil^ (reduced surface field : RE SURF) 
Wiaot, ffi^ "^V-StfC" (RDSon) dr 

(Sl^ffi]— Mtt* (lateral double diffused) MO S h 
fci*flB£+fi^av*3ixfc (J. A, A 
p p e 1 s Xtf H. M. J . V a s e "MM!±M1^ 
(RESURFlfl " , 1 9 7 9 ^1 EDMM 
^dL2^Z b 238-241 H) o 
[00 0 3] I CRtt-fc*3V^T. *##y>f«*ttfiB 

{£<,> "^V" Jgtfc (HlRDSo n <t LT#it 

ft t ft oTt^So -cofi-m^ h^v^ 
^«*S:*/Wci-5i:|S]^<Sv>RDS o n 
•ffcfth9>^^^©W*coi8«tftofc 0 loo 



£ s Hr/U^T^'T^ > h (self aligned) AQfSSrfflV^ 
fifc$*lfcj@{8; ^yfitai^MOSFET" , liEE 

l^-l^h^xr^^gv, 1 9 8 7^4^^ 

.*6St LfcSfc^-fiittig S ft v > c 
[0 0 0 4] 

iSffl^*^, hu>fKffi5rffll^f^h7>^^Sr 

tti:©m|-«)«*»ft»K*«*.« h u^Sftt/B^S 
« t A h 5 y ^ ? S:««t 6 r i: 5„ #«H©3E 

ft 5 a «ToKiNfl#xt^iaES:#fla-r5 

[0 0 0 5] 

(trench based) RESURF LDMOS 
fc*B«#**|p3lfi'&ta:«:MOS (reduced surface fi 
eld lateral duble diffusedMOS) by^i^^^Wt 

»$tifcRDS o ntttgSrSWi-^o KW^fcy^ 
5 V^^^-V^/USr^M-f-So RESURF h^Vv 5 

RF LDMOS h7^^«fe O^illflcy 
[0 0 0 6] 

[HSfe^J] Hilt l(hi/yf^DMOSh7> 
0Sr*LTV^5«*ftflf©Wfffi|g|T*fc5o S4K 

ixT^So h^^tt#7^««3 6&«9 Ky 7 h« 

r>flW3 6rt<o) ft^3 5^huyf<Z)fi«(:^ 
^tt«t 9fi£*(£> LDMOS («|*"Ip]— SteSfcM 
OS) h> 9 * O^^^/MC <fc 4«*fpJOSWtt/h 

$<^tt-C^fc 0 ilMftwirJC, hL/yf-<-7DMO 

sh7 * 3 o fi, sa:^ ( k 3 2 « 

yf^DMOS 3 O&m D^ilCffi 



[0007] hi 2 te^w^&mteWfomx'fr&^j^ 

-t/Uhl/y^- ^RESURFi^DMOS (L 

dmos) h^^i/x? 5 o&^-tmmm-eh&o h7 

W-TSo ttlJftKD h^^itXf-t/WtmiLCD by 
x$ t LTif]f^-r5r kfcX£Z> 0 hy>iy^^±/^5 
1, 5 2te, ra«{C«^Six, ^#{*S«1 2COTI^ 

[0 0 0 8] h7^^t/i/5lSr#iU t;W5 1 
h uyf 2 7 tt, Xffi 1 2 rtKJEas «9 , h 2 6 t K 

y*^- h2 2 ill h*y ^ httttl 4a>fe|*3*i/CS« 
l2l:MJWc y-MMkBt2 4i#y^!>3^o 
y-h2 6ttt, y— ^ 2 0 £ Ky 7 4 k<Dffl 

?FMi"5 0 KW^iefi, h7^^t/U5l 

[0 0 0 9] JEI^H 2 Sr#fi8 U h 2 7 h 9 >- 

5 OtftV^ KJ 7 4Srft«t5 0 KU7 

h«#14tt, H/^2 7 0ffl«^6, hl/^f 27 
<£>jE^£r?nH\ i*©«Bl:fioT h uv^2 7 <DTM& 

6^i^#5 0 mfobtltc b u-^OSRStt, MIL 
:^fe*h7^?5 0tt "USB K U-f ig^ift 

o-cv>5cor% h7y^^5 0f^ ^KWr^M h 

SliC^^^fc h7V^^ 5 0?r^It6(C-r5o 
[0 0 1 0] H 2 *:JElc#flB U huyf^RES 
URF LDMOSh7^^5 0ft fi£*&flf<9«t 
^S^-iclt^T-tr/ut: 0 -/^ (W) «|;g<iot 
ihL-yf(D#^IJ;^ 6 0V<^ifffl£7)LD 
MOS h^y^^OT/ut'yf- (W) tt8 5?nyi> 
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«S:2ffiFa±OH**'Clt*S*, ^tU^J:^ 

y^^(ORDS o n£«'>£-ti:5 0 
[0 0 11] h7>^^ 5 0te£XT<D^m{C£ <9K5£ 
t5:tm5o Jfil v>cnm£<DS i 0 2 HSr 

PiSii2±(c?fMt5 0 /^-yft^tifci/^h 
^— ^ft**tfcu-^ bi^mms i o 2 

1 2iT + t)X5/ft5 0 Uy^7^ (phosphosilicate 
glass : PSG) IS: h7^^ 5 0©Sffi±|:M 

%mm 1 4*s»fiKSixS (KTK!J7h*«l4i:LT 
#Mi"S) o «NlKy7HB«14f4, IgPSGS 
coy ^J;9f^0fc^ii5o ) KPSGJiHtttOBfc** 

tcZil b \s> s ?mUfo2 5Sr^i"5J; J¥^S i 

0 2 h7>^^ 5 0±Ki7FM£*x6o h^v^F^l 

5 0 «i***L (r=-/u) flySKcfctK K3 7HW 
uiKK^iei K>W*S:3EI^*Btt:» (outdiffu 

se) £it£ 0 *l^S i 0 2 ^7^^^ 5 0±(C 

»J«Six^-Mlfb*2 4SrJg*+5o N+MKtttf 
K— ^$ixfc#y *>y nyf^ h7y^^5 o±(c^ 

i0 2 /i«:«B»»l-»Q»#y— H2 6Sr»«t5. 

h 2 6 cbH^ l, y — * 20<h KWy^y^^ h 

*oaAt/<y ^y- h^y^^ h 2 2HMU 

AOSi0 2 S (H2^tCtt*$ttTl^^) ?5\ 

K K^16, y— ^ 2 0, h 2 6ffiigcic 

tc&mm (B2(:^^f) ^ h7^^ 5 OJiJCt" 
h £tl, KK>1 6t y— ^ 2 0 t^- h26 
-•(7)ia«S«l5)c$tl5o h l/yf^R-ESUR 
F LDMOS h7^^ 5 0 tt, t^*K«cfc «9 tir 
yl^t°y^- (W) 
[0 0 12] b^>#? b 2 2^^LT»5 

1 2tc«*ttfcUMKS*L« (r.tLldiO^^Kfctea 

y— ^ 2 o&mx.z>m2(D h7^^ 5 

nC7ffl!JK7>r^ (low side driver ) fllitcotftf^fcfe 
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flfittt, p- K5 2fcS8R*itfc ^1 6 t. [UK 
6lc»|RStt*:y— h 2 6 t «rfl|;i£ 5 0 

[0 0 13] Bl2^#ffi^tLfcV\ h7^i?X#50te 

fcoXoicm^-tZo y-h2 6±i:h7y^^5 0 
tf)L#Wtflffi (V t ) «fc9 t>*#*«ffiSrB«jp-ra 

M7^6>, KW^16S:iiO, K!)7hS«l4Sr 

DSontt«'>t5o K5 7h««140)ftS, K— fcT 

^RDSon t*««jEEtOW*S:»igfb-r*r i*s 
T*#S 0 Kll 7 MKttl 4 0**3fl«|»««JEIwii:ajit« 
-t&tztib^ (W) Sr±i±^-tt5r <fc&<, h 

[0 0 14]^!^ K W > 1 6 **a*»fpo 

-r^i 2iBic, .»riE*nSo Ky 7H«i 

U KK^16 l 2 coit#coifif^{c 

hmu»2 4©ifi»-e»«a** s «*-rsci 
[0015] i4it **w<©B>j<z>«««-cfcs 0 mm 

±, &i^g4)c2 lri\ 02 (D by ls*/X9 5 0^bh7 
«1.2j&>£>y— * 2 0Sr«»WJ-4>«tLTV^S o rcoflij 
5 Q hU^-^RESURF LDMOSh7V^ 

**6 0fi, Jgi£>si0 2 ■^»j*fflK:fc#*N3!l6 
lftfi«2 l*«JB*SixS^S:l»#. i2(D|>7y^^ 
5 0tia«*#jS6lcJ;9»iS**L*o ^^£tWcPM 
fll«2 3 (JWTtfT^ffi*^ 3 <h LT#fiB^5) 7>\ 
»ffi*2 lrt{^*StbS 0 ^^-ri^^V^tl 

[0 0 16] HI4^ h7V^^ 6 0tt\ «?I«2 1 



<Dm&nn.W)izftmir?> z t t 45/^ « (high 

side) F^J^m+^OMmiC 6 0£ffl^ 

5 wi^pTfi^U rtt{cj:«9, h7y^^6 0^I 

^tt. 5 8fc«SfcS*lfc K W>1 6 n-K5 
2fcSf«3*Lfcy-*2 0i:. mffl\B]&5 6^fgmtSti 
titf— V 2 6 i:Sr{S^5 h7>^^6 0^^5 o 
[0 0 17] H6tt*«WOJElcgU(OlSJI6«Sr*LTl^ 
£ 0 hl/^^RESURFLDMOS h^v^ 

<F>mtm2 SfcJEl* hl^>^2 7<Z>T<7>KIJ:7h1g« 
1 4©«»KaMK*tL"CV^6. rixjrj: 5 v ««T«>«* 
•CttKW^i 6 lei «9 £to<btiT^fc h uyfi hi/ 

7 2 i a**— <£> h 2 7 Sr^ffl-T 5 r. t 2r!T^~f 

tU, t/UfcVf ^MWRD S o nOM^I^lSt 
5fc«\ RDSonSrIi:^>S^5o 
[0 0 18] HI 6 CO h7>"^^ 7 0Sr^"f5fc». 

^Si0 2 i25^h I'^SrittfcU t^S i0 2 |2 
5#H/yW^ifcU H I^^»fk*2 5£ffM 

#W£**I*H4 (anisotropic) ^ y ^>-^#\ #i£cO h 
Stt-f. ^^ffilii^C^Ko *v^s i 0 2 S 

«fc9y-h*ftl«2 4 36S»*SiT/S 0 N+1CK-^ 

W ^1 6 iy- h 2 6 ionfif**sjg*Six5 0 a«9^ 
^3t^^^^iIEl2(cMaLTl5^Lfcy P nir^(c^ 

[0 0 19] i6l:*3t^ KU7hWl4(Of$ 
tt, h 9 ^70 <D»tt«EEKi([«tt^]t«-rSfc 

tni:i»««ffijt*t^i-afcfttJ:o*<***ix 
<ctt*ttf4&/j:v^ 0 h7y^^7 0(t 

s<y?#- h 2 2^LTSIl 2{C«^$tLrv^fc 
[0 0 2 0] BTft, *5BW^3Efc»J^3llS«"e*>S« 
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h^^i?*? 8 0{i, HI 6 (75 J; ot£ h^>^mit^l2 5 
ESURF LDMOSF5y^?8 0fJ35 0 Lrt> 

i 2) iwffi-r-mMW/i^gi^^.t-t-s^^ftil K?-f 

&o s i o 2 m&v^-mm±.^wmir&mc^ 

(«T#x-Yffi«2 3 iLT^.Ba-rs) &mm$m2 1 

[0021] ^m^um^-mmm^m^f^^mm 
v\ lea! Lfcmg^iicoa^ M^cota^^^Bg 

10022] u±<DmmcmLmc£iT<om*:m^-t 

1. y-^i. ^-ht, KK^i, ly-hdlK 

[0 0 2 3] 3. *2«1QK©«*|pI«* h7^^ 

4. SSl «IE*0«*|nI«^ h7 V^^iC^T, BE 
h/5^°!J^y^^!Jy (polycrystalline) v-li 

5. atSt, KaaEfcJBritSttfcTK^-fflHWi:, BE*?* 
>r{-jK^sttfcy— hi, BES*RfcJI5/3c 

[0 0 2 4] 6. *5J5fE*E£>«* h7>^^tfco 



^P7>f-/UMSRESURF hv^^^MW-lHa 
[0025] 8. y— *<k, hi, n^yfW 

9. *8SEt©i* h7y^#t*fco-C, IChW 
y^Srlfe 5 Htp K y 7 K««£r*p*-5 r fc £#mi + 5 

10. »9SE(tOt* h7y^#T?fcot, SF> 

[0026] ii. mi om^m<omt} h7y^^t 
<foo~c\ a k i^^ y 19 »il h y yf 

12. mi l*IE«cC0«^ h7^?tfcot, BEBt 

«fM*BMfc*-e. be k u-^ v^tr y * y * * y y ( po i y 

crystalline) iyy =1 >^>&J=85 H <h £#ft i 3®ytJ h 
y^i?X# 0 

13. y-^t^htS:tt6Il h7y^^t;i/ 

2 h 9:^**1rvWa<Z)*» KW^i, mi by^iy 
y?±/istm2 Vyisisxt^/vmo) Ky y YW&*M 

[0 0 2 7] 14. Ill 3JlfE®OS^ h^y-v^ic 
*5^T, BE h u^rt(^j«$n*:BE*iiKW>'^ 
StE^«$*Lfc»i:, BE»*Wfc-rt*«*i:. BE«Sr 
BKUBtrBEKy 7 M*^Rtftrt©HPi, BE«£« 

t5t*h7y^^ 0 

15. ^1 4«fstt<D«^ h^y^^^^x, BEBt 
«#* s »fb*"C, be k u-r y^y^^yy ( po iy 

crystalline) v-y 3y^fcj*5rtS:#ttt5t^ h 
[0 0 2 8] 16. »15SEt^t*h7y^#T* 

5, SI iMi2 h 7y^^-fe/wy- ^^TcoK 
*F7y^^ 0 

1 7. ^-Yffi«Srlt^i-Sct/j:< h7y^^^t 

MOS h7y^^CQRDSo n ttlgSr^-r -S^ffiT* 

L, BEhu^<Dia9^Ky7H!H«Sr»fi8U ^y- 
^«*iBEhu^<b^W<^SWT\ BESlKI-y— 
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[0029] is. mnmm^m^^'x. mm 

19. ^«g«4rti±i-Sw<!:/£< h5^S?^*PWMt 

MOS h7^^WRD S o ntttg^efeSi-S^teT 1 
JBfSU |g h Vls3-<Dm<0 tK!)7 hWtitU ft 

y— xmmtm h u-yftoM-e, igsffidy-^jw 

!c, g?2 hwyfrtlcKWyii^L, fgy-^ 

[oo3o] 20. mi 9«is«co*-jfe{cio^T, mm 

fct/Hfyf?rix.5i^DMOS h7y-^?«\ 

[0031] 2 1. huyf-^-x h7V^?SM 
ft»£;ixfcRDS o ntt«IS:«tt-rS»5«JI** h7> 



<0^^±ro*tS(cy— h/4S^$n-5 0 K!)7 MfiflWS- 
t5Ci4<RESURF h 7 ^#t££tl{fc-f 

■So 

[0 0 3 2] 

vfftS^fflv^t^i h7y^?^ftt5-i:iiiST- 
Sfc, y-^«t*tgi<o^wfl;mW^«ISr«x. 

[0i] lilhuyf^-^DMOS h7y-^^^ 

[ni2] ^mmm^mmm^^-rmmm 0 

[13] p 9ilKft0>fllJAfr**i-|BliftH. 
[0 4] **|l!ro9JroJSifc«&*-*-BrffiHo 
[0 5] />-fffiWE»<D»*S:^-riHlKH. 
[06] *5HflwS{cSiJcD^i560iJSr^i-irffi0o 
[0 7] *^^(DX{iSiJ»H^JSr*-t-»TB0o 

14 h'!l7h«* 

1 5 =f-*r%>\> 

2 0 y— 7. 

2 7 h U-V-T- 

5 0 h7V^^ 

6 0 h 7 y v 5 * * 

7 0 h^v-yT.^ 
so h9>-y^^ 
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(51) int. ci. 6 «auiE# it^ss#^- fi mmm^mm 

7514-4M H0 1L 29/78 3 0 1 R 

7514-4M 3 0 1 W 

7514-4M 3 0 1 G 



